Abstract The present study deals with the description of a new piscine trypanosome species found infecting the fresh water fish Schizothorax plagiostomus Heckel from river Jhelum, Srinagar, J&K, India and evaluating the haematological parameters of the infected fish. Haematological examination of S. plagiostomus revealed 61.1 % infection with an intensity of 1-9 trypanosomes/100 RBC's. Small (26.9 ± 1.39 lm) and large (47.17 ± 3.50 lm) forms of the trypanosome were observed in light microscopy investigations, revealing the dimorphic nature of the species. The trypanosome species was found to be distinct from the other related dimorphic species in morphometric dimensions including cell length, cell breadth, kinetoplast index, flagellar index, and cytological peculiarities, respectively. The detailed descriptions of the two morphological forms found in the blood of S. plagiostomus are provided. Based on the geographical location, morphometrics, cytological peculiarities, host status and comparative study, the new species is named Trypanosoma kashmirensis n. sp. The parasitic infestation caused a significant decrease (p \ 0.05) in red blood cell counts, haematocrit and haemoglobin concentrations while, the leucocyte (WBC) count, mean cellular volume and mean cellular haemoglobin showed a significant increase (p \ 0.05) in the infected fish as compared to the non-infected. The above alterations of the haematological parameters could be used as an important tool for the indication of Trypanosoma infection in the fish.
Introduction
Fish is an excellent and one of the primary source of protein for humans in many parts of the world. Fish is more affordable and accessible animal source food and it is estimated that around 60 % of people in many developing countries depend on fish, for over 30 % of their animal protein supplies (FAO 2005) . Consumption will increase in future years as the demand will further be compounded by the growth in population and this additional supply will have to come from aquaculture (FAO 2012) . Development of aquaculture during the last decade has resulted in much greater attention being paid to problems posed by parasites and their importance for fishery leading to constraints in the productivity of aquaculture (Kennedy 1994) . Besides direct losses caused by mortality, parasites may have considerable impact on growth and behavior of fish, their resistance to other stress factors, susceptibility to predation, etc. and their presence may also reduce marketability of fish (Crowden and Boom 1980; Brassard et al. 1982; Lom and Dyková 1992; Williams and Jones 1994; Kumaraguru et al. 1995; Woo 1995) .
Trypanosoma probably is the best known extra erythrocytic protozoan in fish (Clauss et al. 2008 ) and undoubtedly represents one of the most important groups of pathogens which negatively affects the health state of cultured and feral fish. Trypanosoma are single celled flagellated protozoans that are generally found in the blood of vertebrates and can cause trypanosomiasis of fish, including fresh water fish (Smit et al. 2004; Davies et al. 2005; Padua et al. 2011) . Piscine trypanosomes are always transmitted by leeches (Woo 2006) and can be detected in the peripheral blood of various freshwater and marine fish species (Bruno et al. 2006 ). Hoare and Wallace (1966) proposed the use of terms amastigote, promastigote, opisthomastigote, epimastigote trypomastigote and choanomastigote for the various stages in the life cycle of the parasite based on the position of the flagellum and is widely accepted. However, trypomastigotes are the predominant stages reported from fish blood. Approximately 200 piscine trypanosomes have been reported from all over the world (Gupta and Gupta 2012) and host specificity of the vast majority of species is not known (Woo 1995; Gupta and Gupta 2012) .
The study of the physiological and haematological characteristics of cultured fish species is an important tool for the development of aquaculture system, particularly in regard to the use in detection of healthy fish from diseased or stressed animal (Rainza-paiva et al. 2000; O'Neal and Weirich 2001) . Haematological studies are an important tool for diagnosis and prognosis of morbid conditions, including the deleterious effects of infection (Tavares-Dias and Moraes 2003) . Biological monitoring techniques involving hematological variables have become attractive and useful for monitoring environmental quality, water pollution and the health condition of aquatic organisms (Kori-Siakpere and Ubogu 2008; Olufayo 2009; Qiang et al. 2013) . The evaluation of haematological parameters could be useful for the diagnosis of fish pathologies and physiological status (Stoskopf 1993) . Therefore, the variations of haematological parameters associated with various parasite infections could be established into a database, which could be used as biomarkers in disease diagnosis and in guiding the implementation of treatment or preventive measures. The studies related to haematological alterations in Trypanosoma infected fish are scanty (Joshi and Dabral 1981; Khan 1985; Islam and Woo 1991; Gupta and Gupta 2010 ) and further research is required involving diverse hosts, so that the haematological variations associated are elucidated and used as an efficient Trypanosoma infection indicator. Lingard (1904) recorded the first trypanosome from Barbus carniticus from Poona and Nandi et al. (2002) provided a bibliographic record of more than fifty trypanosome species from Indian fishes. Since then, many Trypanosoma species have been recorded from different Indian fishes including T. piscidium from Colisa fasciata (Gupta et al. 2003) , T. sauli from Channa punctatus , T. heteropneusti from Heteropneustes fossilis , T. danilewskyi from Clarias batrachus (Saha et al. 2007) , T. mukasai from Triplophysa marmorata, Carassius carassius and Schizothorax curvifrons (Shahi et al. 2013) . However, there is a dearth of information and a lack of morphometric characterization on schizothoracine species with only a single report of trypanosome infection from S. curvifrons Heckel (Shahi et al. 2013) . Snow barbell, S. plagiostomus is one of the economically important coldwater fish species of Himalayan and sub-Himalayan region including Kashmir. It is locally known as 'khont' and is found inhabiting the snow and stream fed waters of the Kashmir valley. The available literature shows no previous records of Trypanosoma spp. infecting S. plagiostomus. Therefore, the present study is the first case report on Trypanosoma infection in S. plagiostomus in the natural environment, provides a morphological characterization of the trypanosome and evaluates the haematological response of the infected fish.
Materials and methods

Host collection
S. plagiostomus Heckel (340 ± 25.4 g; 32 ± 2.8 cm) were captured with the help of local fishermen in June 2012 from river Jhelum, located in Srinagar, Jammu and Kashmir, India (34°5 0 N-74°47 0 E). Three sampling sites (S 1 , S 2 and S 3 ) were selected in river Jhelum (Fig. 1) . The live fish were transported in plastic containers filled with water and brought to the wet-lab. These fishes were first given a prophylactic dip in KMnO 4 (5 mg L -1 ) to rule out any possible microbial infection and randomly stocked in indoor circular plastic fish tanks (water volume = 600 L) fitted with a continuous water flow-through system for a fortnight. During this period, the fish were fed to satiation a soybean based formulated diet twice a day at 08:00 and 18:00 h. Fish showing any external signs of disease or parasitized with helminth species were excluded from the study.
Haematological analysis and parasite processing During blood sampling, fishes were carefully netted minimizing the stress and placed in a water containing (half filled) fish trough. They were positioned ventral side up (with gill region submerged) so that the blood could be easily drawn from the caudal vein, with the whole sampling event usually taking\2 min. All blood samples (1 ml from each fish) were collected from the caudal vein using a chilled needle with a 2 ml heparinized syringe and transferred to anticoagulant coated (Na-Heparin) blood collection vials which were kept in an ice-bath until further analysis. A drop of blood was placed on a glass microscope slide, covered with a glass cover-slip and screened for blood parasites using a light microscope at 4009 magnification. Low intensity infection detection was done by using microhaematocrit method (Woo 1969) . To determine the parasitaemia, number of parasites per 100 RBC's were calculated in the blood smears . Using grease-free slides, thin layer blood smears were made and left to air-dry. Dried smears were fixed in 100 % methanol for 5-8 min and stained for 30 min with phosphate-buffered Giemsa (pH 6.8-7.2). All hematological analyses were carried out within 2 h after each extraction. Haemoglobin (Hb) Haemoglobin (Hb) content of the blood was estimated by the method of Drabkin (1946) . 20 ll of blood was mixed with 5 ml of Drabkin solution (Loba Chemie, Mumbai, India) and left to stand for at least 15 min. Haemoglobin concentration was determined spectrophotometrically by measuring the absorbance at 540 nm and compared to that of Hb standard (Ranbaxy, New Delhi, India). Prior to reading the absorbance, Hb test samples were centrifuged to remove dispersed nuclear material.
Haematocrit (Hct)
Haematocrit (Hct) was determined on the basis of sedimentation of blood. Heparinized blood (50 ll) was taken in a micro-haematocrit capillary (Na-heparinized) and spun in a micro-haematocrit centrifuge (REMI RM-12C, Mumbai, India) at 12,000 g for 5 min to obtain Hct value. The Hct value was measured using a Hct reader and reported as percentage (Zaragoza et al. 2008) .
Total erythrocyte count (RBC) and total leucocyte count (WBC)
For RBC and WBC counts, blood sample (20 ll) was taken with a micro pipette (Finpipette, Thermo Scientific, Finland) and diluted with (Natt and Herrick 1952) diluent (1:200) . The diluted sample was placed in a Neubauer improved haemocytometer (Marienfeld Superior, LaudaKonigshofen, Germany) and blood cells were counted using a light microscope. MCV, mean cell haemoglobin (MCH) and mean cell haemoglobin concentration (MCHC) were calculated using the formulae mentioned by Dacie and Lewis (1991) .
Parasite morphometry
The Giemsa stained smears were examined under a compound microscope (Magnus MLX-Tr, New Delhi, India) fitted with a digital camera and digital photomicrographs of trypanosomes were obtained using 100x oil immersion lens. Morphometric analysis was done with image analysis software ImageJ (National Institute of Health), calibrated to a stage micrometer. 90 randomly selected parasite specimens were used for morphometric measurements and 15 morphometric parameters including cell body length (CL), total length including flagellum (TL), posterior end to kinetoplast (PK), posterior end to mid-nucleus (PN), kinetoplast to mid-nucleus (KN), mid-nucleus to anterior end (NA), free flagellum length (FL), breadth of cell body (CB), nucleus length (NL), nucleus breadth (NB), kinetoplast length (KL), kinetoplast breadth (KB), nuclear index NI = PN/NA (position of nucleus in body), kinetoplastic index KI = PN/KN (position of kinetoplast in body), and flagellar index FI = CL/FL were calculated in the present study as according to the terminology of morphometric values and standards commonly adopted by Hoare (1972) and Smit et al. (2004) .
Water quality analysis
The physico-chemical parameters of water (temperature, dissolved oxygen, free carbon dioxide, total alkalinity and pH) in the fish tanks were recorded daily, following the standard methods (APHA 1992). The water sample for analysis was collected early in the morning (07:00 h) before the feeding was done. Water temperature (22.6 ± 1.92°C) was recorded using a mercury thermometer, dissolved oxygen (6.8 ± 0.86 mg L -1 ) was estimated by Winkler's iodometric test, free carbon dioxide (7.8 ± 2.35 mg L -1 ), total alkalinity (85 ± 3.39 mg L -1 ) by titrimetric methods, respectively while, pH (7.3 ± 0.66) was measured using a digital pH meter (pHep-HI 98107, USA).
Statistical analysis
Haematological indicators were summarized as mean ± standard deviation (SD). Statistical significance was determined by student's t test, and a p value \ 0.05 was considered significant. Statistical analysis of data were carried out with SPSS 11.5 (SPSS Inc., Chicago, IL, USA).
Results
Examination of fresh blood samples from S. plagiostomus specimens revealed the presence of parasites seen actively wriggling about, pushing the blood cells randomly during their course of movement. Out of 90 specimens, 55 (61.1 %) were found to be infected. Parasitaemia, was moderate (6-9 trypanosomes/100 RBC's) in about 7.2 % of infected fish and the remaining had low infection level (1-5 trypanosomes/100 RBC's). Pleomorphism was observed with the presence of two distinguishable forms: 'small' and 'large'. Table 1 summarizes the morphometric parameters of the present Trypanosoma species with other related species. Species: Trypanosoma kashmirensis n.sp. (Fig. 2 a, Haematological parameters of infected and non-infected fish are given in Table 2 . Hb Hct and red blood cell counts (RBC) showed a significant decrease (p \ 0.05), while the white blood cell counts (WBC) showed a significant increase (p \ 0.05) in the infected fish as compared to the non-infected. MCV and mean corpuscular haemoglobin (MCH) increased significantly (p \ 0.05) in the infected fish, but no significant change (p [ 0.05) was observed in the mean corpuscular haemoglobin concentration (MCHC) of the infected fish compared to non-infected ones.
Discussion
A dimorphic trypanosome species was discovered from the blood smears of S. plagiostomus inhabiting the river Jhelum in Kashmir. The only report of a piscine trypanosome from Kashmir has been that of Trypanosoma mukasai (Shahi et al. 2013 ). The species discovered in the present study differs from T. mukasai due to its dimorphic nature and also the larger forms have lesser cell breadth (2.53 ± 0.47), nuclear length (3.39 ± 0.43), kinetoplast index (1.05 ± 0.01) and greater nuclear index (1.92 ± 0.28) than the reported T. mukasai. Morpho-taxonomic grounds are adequate for the description of a new species of trypanosome (Bennett 1989) however, the characters need to be significantly different and the new species has to be morphologically compared in depth to all the similar species and to other species in the same major group of hosts (Gupta 2006) . The important morphological characters at the light microscopical level that are useful to distinguish different species include; size, PK region extent, position of nucleus (i.e. NI), and flagellar-lengths (Diamond 1965; Hoare 1972; Gupta 2006; Karlsbakk and Nylund 2006) . Various dimorphic trypanosome species have been reported from around the world including India. Some of them include; large and small forms of T. remarki (Laveran and Mesnil 1907) ; short and slender forms of T. gachuii ; slender and stumpy forms of T. mukundi (Raychaudhuri and Misra 1973) ; small and large forms of T. aligaricus (Gupta and Jairajpuri 1982) small and long forms of T. aori (Joshi 1982) ; small and large forms of T. artii (Gupta et al. 2002) ; minuta and magna forms of T. saulii ; small and large forms of T. heteropneusti . A comparison of the size and morphometric characteristics of the present trypanosome species with the related species is presented in Table 1 . The trypanosome species in the present study differed significantly from the related species in almost all morphometric and cytomorphic characters. Cell length (CL) of the present species is greater than T. heteropneusti and less than T. aligaricus. The present species also differs from T. aori in having lesser cell breadth (CB). The present species is comparable to T. sauli in its cell size, nuclear size and flagellar length, but differs from it in having a smaller kinetosome in the 'small' forms than the corresponding 'minuta' forms of T. sauli. Presence of vacuoles in the cytoplasm of the present species also sets it apart from T. sauli. Kinetoplast indices (KI) of the present species, T. sauli and T. heteropneusti show a marked difference. The present species also differs from T. heteropneusti, T. aori and T. sauli in having a higher flagellar index (FI). Moreover, there are no previous records of Trypanosoma spp. infecting S. plagiostomus. It is therefore, proposed that the parasite discovered from the blood of S. plagiostomus Heckel, collected from the river Jhelum in Kashmir be designated as a new species and accordingly, the name T. kashmirensis n. sp is proposed. Alteration of host physiology is one of the manifestations of parasitization by blood parasites that depend on the blood of their hosts (von Brand 1973) . In aquaculture, haematology is gaining importance because of the ease and reliability in monitoring the health status of cultured species (Hrubec et al. 2000) . Blood haematological investigations have proved valuable for fisheries biologists for quick detection of changes in fish health and these changes may precede changes in fish behavior and visible lesions (Kavitha et al. 2012) . One of the pathological impacts related to piscine trypanosomiasis is anemia (Becker 1977; Khan 1985; Lom 1979; Islam and Woo 1991; Gupta and Gupta 2010) , which is directly related to parasitaemia (Khan 1977; Khan et al. 1980; Islam and Woo 1991) in the blood. Infections may be chronic or acute and severe parasitaemia can result in anaemia and death (Bruno et al. 2006) . The blood cells of fish are produced in hemopoietic tissues located in the spleen and kidney (Heath 1995) and any impact on these hemopoietic organs would lead to alteration of haematological parameters. Dykova and Lom (1979) found severe histopathological changes in hemopoietic organs (i.e. spleen and kidney) in goldfish infected with T. danilewskyi and consequently, suggested that anemia in fish was due to the malfunctioning of the spleen. Khan (1985) also observed severe anemia in T. murmanensis infected fishes and associated it with an inactive rather than an impaired hemopoietic system. According to Islam and Woo (1991) there are two factors which contribute to anemia in Trypanosoma infected fish hemolytic factor (hemolysin) present in the secretory/ excretory product of the trypanosome and the hemodilution.
In the present study, a significant decrease in Hb, Hct, and RBC counts was observed in trypanosome-infected fishes. These results are in agreement with Joshi and Dabral (1981) in T. maguri-infected Heteropneustes fossilis. These workers found a significant decrease in Hb concentration (31-44 %) and RBC values (30-45 %) in the infected fishes. The decrease in Hb content probably may be brought about by the inhibition of Hb synthesis (Gupta and Gupta 2010) or due to the poor mobilization of Hb from the spleen and other hemopoietic organs (Scott and Rogers 1981) , which leads to impairment of the overall oxygen transport ability of the blood to various tissues, resulting in decrease of RBC number through haemolysis (Larsson et al. 1985; Ahmad et al. 1995; Atamanalp and Yanik 2003; Harikrishnan et al. 2012) . Accelerated erythrocyte lysis due to parasitic stress leads to a reduction in Hct value (Celik and Aydin 2006) . The blood Hct rates in marine fish infested with T. murmanensis was found to decrease (Khan 1987) . A reduction in Hb and Hct has also been reported by the infections of T. vittati in Mystus vittatus and T. maguri in C. batrachus (Tandon and Joshi 1973) , T. batrachi in C. batrachus (Gupta and Gupta 1985, 2010) , T. aligaricus in Channa punctatus (Gupta and Gupta 1985) , Trypanosoma sp. in hybrid C. macrocephalus x C. gariepinus (Supamattaya et al. 2005) , T. danilewskyi in C. batrachus (Saha et al. 2007 ).
The fluctuation in MCV and MCH values in the infected fishes observed in the present study clearly shows that the concentration of Hb in the RBCs was altered in parasite infected fishes, indicating macrocytic hypochromic anemia. This kind of anemia is classified as regenerative with large and young RBCs which are not fully haemoglobinized (Tvedten 2010 ) and has been reported in Trypanosoma-infected fishes (Tandon and Joshi 1973; Gupta and Gupta 2010) . Leucocytes play an important role in protecting fish body and preventing diseases (Qiang et al. 2013) . These cells orchestrate the initial line of defense against pathogens (Stoskopf 1993) . It is well recognized that leukocyte cells are normally lower in healthy fish while, under stress (due to infection), the number of cells increases and hence, WBC count can be used as a significant indicator of health status in fish (Roberts 1978; Hayatbakhsh et al. 2013) . In the present study, the total leucocyte count showed a significant increase in the infected fishes, which has also been reported by Joshi and Tandon (1980) ; Gupta and Gupta (1985) in Trypanosoma infected fishes.
In summary, this paper reports the first record of Trypanosoma infection in snow barbell, S. plagiostomus Heckel from Kashmir, which was found acting as host to a dimorphic trypanosome species. The geographical location, morphometrics, cytological peculiarities, host status and comparative study of this dimorphic trypanosome puts it in contrast against other related species. Therefore, it is proposed to consider it as a distinct species and as such, the name T. kashmirensis n. sp is proposed for it. The haematological values of parasitized fish showed significant variations and therefore could provide useful parameters for evaluating the physiological effects of Trypanosoma infestation, but the application of these are subjected to detailed laboratory study, in order to validate them as established biomarkers.
